The present study comprises the measurement of total volatile organic compounds (TVOC) 
I. Introduction
Air quality of an environment is considered to be of great concern due to its adverse impact on the human health nowadays. Recent phenomenon of industrialization, liberalization and commercialization in last few decades has resulted in the increase of concentration for various pollutants in the environment. Air quality is decided by the presence of quality and quantity of the pollutants in the atmosphere. Criteria air pollutants (O 3 , NO 2 , CO, PM 2.5 , SO 2 and Pb) along with volatile organic compounds are considered as major contributor. Among the harmful pollutants, VOCs are one of the most important category because of its environmental chemistry and impacts of human health. VOCs are a group of chemical compounds which include more than 200 compounds. When proper conditions and concentrations are available, the VOCs play important role in the atmospheric chemistry like formation/destruction of ozone in the troposphere, secondary organic aerosols formation and global warming (Alves et In urban environment, the important anthropogenic sources of VOCs are burning of fossil fuel, vehicle exhaust and leakages from petroleum refineries (Sofuoglu et al. 2010) . Along with anthropogenic sources, VOCs are also released by terrestrial plants (Peñuelas and Llusia 2001, 2003) . The spread and occurrence of VOCs are highly dependent on the prevailing meteorological conditions viz. solar radiation, relative humidity, temperature and wind. VOCs are also important from the human health point of view because of its long and short term effects which may be non-carcinogenic and carcinogenic (Lee et al. 2002) . Some of the VOCs are highly toxic and among them, some are known to be carcinogen (Civan et al. 2012 ). The non-carcinogenic effects are characterized by bodily irritation, asthma, hepato-toxic disorders and impairment in liver, kidneys, respiratory system and central nervous system (de Blas et al. 2012; Kumar et al. 2013 ). However, carcinogenic effects are characterized by lung, blood (leukemia and non-Hodgkin lymphoma), liver, kidney and biliary tract cancer (WHO 2000 ). CNG fuel is clear liquid, odourless and non-corrosive and composed mainly consists of methane CH 4 which is compressed to the pressure of 20-25 MPa in a cylinder. The unique topography, different types of land use pattern, prevailing meteorological conditions due to its location in tropics and large number of vehicles running on the fuels like CNG, petrol, diesel etc in capital city of Delhi, India, prompted us to carry out this study. In the recent decades, the city has seen a remarkable increase in the number of vehicles and at present it boast of the largest number of registered of vehicles i.e., 88.27 lakh (Transport Department, Delhi-2015) . Therefore, the objective of the study is to assessment of spatio-temporal variability of TVOC at three representative sites varying in terms of land use pattern. Further, the differences in the levels of TVOC during weekdays and weekends at the selected sites have been evaluated. In addition to this, association observed levels of TVOC with meteorological parameters has also been examined.
II. Materials and methods

Sampling sites
The TVOC sampling was performed in Delhi, capital city of India which is situated at 28.61°N and 77.23°E. It is spread over an area of 1483 km 2 (51.90 and 48.48 km dimensions). It is situated at an altitude of ~293 m above the sea level. Delhi has a sub-tropical climate consisting of well-defined four seasons i.e., summer, monsoon, autumn and winter. The summer season experiences windy conditions and temperature as high as 48˚C whereas winter season is characterized by calm conditions and temperature as low as 3 to 4 ˚C. Delhi receives most of its rain (average annual rainfall 714 mm) during July to September from the southwesterly monsoonal winds and some rain during winters from north-westerly cold winds. In the present study, a total of three sites were selected: Bhikaji Cama Place (BK), Jawaharlal Nehru University (JN) and Rama Krishan Puram (RK). Of these sites BK, RK and JN was taken as representative site for the traffic intersection, residential and background, respectively. Figure 1 shows the map of Delhi having location of the selected sampling sites. 
Sample collection
TVOC samples were collected during two seasons namely summer and winter at three sites in the year 2015. These two seasons represent extreme weather conditions in terms of meteorological parameters in Delhi, India. At each site, samples were collected during 8.00 am to 12.00 noon for four days during each season at each site. The four days were selected for sampling was distributed in such a way that the two days represent working day and next two days represent non-working days. Simultaneously, meteorological parameters were
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TVOC measurement
The real-time TVOC measurements were done using a portable, data-logging PhoCheck 5000 photoionization detector (PID) having 10.6-eV ultraviolet lamp technology (Ion Science Ltd, Cambridge, England). Here, TVOC comprise a large range of gases to characterize the pollutant load in terms of VOCs and a basis on which quality of air is assessed (Andersson et al. 1997 ). The instrument works on the principal that uses the ultraviolet (UV) light source to break down VOCs in the air into positive and negative ions. Then, the PID detects or measures the charge of the ionized gas, with the charge being a function of the concentration of VOCs in the air. The concentration is displayed in the monitor digital display. Over 220 ml/min of air was drawn through the PhoCheck's internal pump into the instrument and a 1-s measurement interval was set for the PID data logger. Calibration was performed by 100 ppm isobutylene and zero air according to the manufacturer's instructions. The details of technical specifications of Ion Science PhoCheck 5000 TVOC monitor are listed in Table 1 . 
III.
Results and Discussions Figure 2 clearly explains the variability of TVOC in the ambient air of three different locations during the two seasons. The box whisker plot shows the five different statistical parameters (min, max, median, lower and upper quartile) of observed TVOC levels during the targeted seasons. TVOC showed the higher values at all the sites during winter as compared to summer. The mean values of TVOC are found to be 211.6 µg/m³ (ranged from 123.7 to 266.7 µg/m³), 141.1 µg/m³ (ranged from 84.7 to 173.2 µg/m³) and 156.8 µg/m³ (ranged from 94.7 to 207.5 µg/m³) for BK, JN and RK, respectively. On the other hand, summer experienced the TVOC as 144.1 µg/m³ (ranged from 99.2 to 179.5 µg/m³), 103.3 µg/m³ (ranged from 58.5 to 126.2 µg/m³) and 99.9 µg/m³ (ranged from 67.6 to 129.2 µg/m³) for BK, JN and RK, respectively. These variations could be an account of factors such as distribution of emission sources around the sampling site and the prevailing meteorological conditions. The source emission strength variations, meteorological conditions and seasonal variability of OH radicals play an important role in the seasonal variation of VOCs in the troposphere. The calm conditions with low temperature, high relative humidity, low wind speed and low planetary boundary layer could be the main reason for the higher levels of TVOC during winter. On the other hand, high mixing height, maximum dispersion and degradation of VOCs due to OH radicals cause the lower levels during summer. Higher temperature and solar radiation in the summer is associated with high losses of VOCs by photochemical degradation (Lai et Figure 3 and 4 showed the trend of TVOC in the ambient air of three different locations namely BK, JN and RK during winter and summer, respectively. It is clearly observed that the more or less similar trend of TVOC at the three locations with different magnitudes. The concentrations showed increasing trend in the morning and attained peak values during 10-11 am, then starts decreasing till noon. The variability could be due to traffic flow, traffic volume and meteorological variables throughout the studied period. The accumulation of air pollutants in the morning could be explained by the presence of calm meteorological conditions. However, the elevation of planetary boundary layer (PBL) during daytime enhanced the dispersion and dilution of the pollutants (Zhang et al. 2012 ). Along with it, photochemical destruction could also be the reason for the lower levels of VOCs during noon (Tan et al. 2012) . 
Seasonal variability of TVOC
Trend analysis of TVOC during observation
Weekdays and weekends TVOC comparison 3.3.1 Seasonal variability
To see the any insight difference during the weekdays (WD) and weekends (WE) levels, the separate analysis has been performed. The results of difference between weekdays and weekends can provide some insight into the effect of vehicular traffic on the measured VOC concentrations. A clear difference has been noticed in the levels of TVOC during weekdays and weekends. It could be attributed due to heavy traffic load and human activities during the weekdays. The weekdays were found to be more polluted with TVOC as compared weekends at all the sites. The TVOC values were found to be more during the winter as compared to the summer. During winter, the levels of TVOC experienced as 262.9/166.1/184.8 and 160.4/116.1/128.7 for BK/JN/RK during weekdays and weekends, respectively ( Figure 5) . However, the TVOC levels of summer were found to be 161. 4 
Trend analysis of TVOC during weekdays and weekends
In this section, the trend analysis has been carried out for the selected three locations during weekdays and weekends of both winter and summer seasons. Figure 7 (a-c) and 8 (a-c) depict the trend analysis during weekdays and weekends of winter and summer, respectively. It is clearly noticed from the figures that the lower concentrations are observed during weekends in contrast to weekdays in the both seasons. The TVOC concentration on both weekdays and weekends were found to be more at BK followed by RK and JN (BK > RK > JN). The higher concentration at BK is due to the higher vehicular density as compare to other two sites. Also from the figure, it can be seen that the weekdays have more concentration as compared to the weekends which is due to the less number of commuters due to the weekend holidays. In this section, the relationship between observed levels of TVOC with ambient temperature and relative humidity has been analysed during both seasons. Figure 9 and 10 illustrate the association of TVOC with ambient temperature and relative humidity, respectively for two seasons. It can be inferred that TVOC is positive weakly correlated with ambient temperature respectively during winter (R 2 =0.35) and summer (R 2 =0.10) seasons. On the other hand, relative humidity showed negative moderately strong correlation with observed levels of TVOC during winter (R 2 =0.66) and summer (R 2 =0.54). 
IV. Conclusions
After the CNG implementation in the transport sector in Delhi many changes have been found by the scientists in the concentration of the air pollutants in the environment. One of them is VOCs are one of the important pollutants which have significant role in atmospheric chemistry and impacts on human health. The present study attempts to find out the spatio-temporal variability of TVOC at three ambient locations in Delhi. Along with spatio-temporal analysis, the study also tries to find the differences in the TVOC during weekdays and weekends. In addition to this, how the meteorological variables influence the concentration of TVOC is also evaluated. Results showed that the level of TVOC is observed to be higher in winter as compared to summer Meteorological parameters impact on spatio-temporal dynamics of VOCs after CNG implementation.. DOI: 10.9790/2402-1009028694 www.iosrjournals.org 94 | Page due to high atmospheric stability at all the selected sites. The levels of TVOC found to be increasing from the morning hours and attained peak around 10 to 11 am and again decreased in the noon time. The weekdays levels of TVOC have witnessed with higher concentrations in contrast to weekends which was related to the vehicular density. On examining the relationship with meteorological parameters, temperature and relative humidity showed positive weak and negative moderately strong correlation respectively with the observed levels of TVOC. The most of the sources of TVOCs in Delhi were found to be the vehicular exhaust coming from vehicles running on petrol, diesel and CNG of which of CNG driven vehicles have significant role in the emission of VOCs in the urban environment of Delhi.
